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PROBLEM TO BE SOLVED: To prevent the decrease of 
magnetoresistive effect by forming an auxiliary reversal 
of magnetization layer which is positioned adjacently to 
or in the vicinity of a free ferromagnetic layer, 
supports the reversal of magnetization of the free 
ferromagnetic layer, and has soft magnetic characteristic. 

SOLUTION: A magnetoresistive effect multilayered film A 
is constituted of a magnetic substrate 10, and the 
following are laminated thereon in order, a thin film 
layer 11 for pinning, a pinning ferromagnetic layer 12, 
a nonmagnetic layer 13, a free ferromagnetic layer 14, 
an auxiliary reversal of magnetization layer 15 and a 
protective layer 16. Each of the pinning ferromagnetic 
layer 12 and the free ferromagnetic layer 14 is composed 
of a thin film of ferromagnetic material. In practice, 
when the layer 12 is constituted of Co, the structure 
wherein the nonmagnetic layer 13 side of the 
ferromagnetic layer 14 is substituted by a Co layer 
having a specified thickness is preferable. The 
auxiliary reversal of magnetization layer 15 is formed 
adjacent to the layer 14. From the layer 15, magnetic 
exchange coupling acts on the layer 14, and coercive 
force of the layer 14 is decreased. Thereby a 
magnetoresistive effect element exhibiting resistance 
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mxm 2 ] Wiszffimmik&ifemtf, b c c f e &± 
tiLftb-rzum&ikmb. ti, z r , Hf, 

V. Nb, Ta, W\ #±^7C*« o -hfrhMtilZixZ) 10 
lS3Z.I±2Sl^±W7n^7!i^^-57C^Mi:0 mm) £ 
^/vtztt&KmbZlifcb ^XteZ^bZW&b-fzm 

[is*js 3 ] mmffifyMikR&mfi'K b c c f e &± 

^itSttfcllfi, Ml-, Ti, Zr, Hf, 
V, Nb, Ta, W\ %>±m7tm<V?1bfrbm?R£ftZ> 

45rt 3 D!*S 1 ~3 ©v^n*»l-E««> 

WlKfCffiM^m^^Fo ffij&5*;X-Mn(i:fcl^T 30 

Xtt6&2£7cif?^t>iltiR$tt5 li3?l±2l«±Ci%i 

7 ] mettit) fltfbs«sJi<aJijy*' 5 0 ~ 3 0 

0A<Z>mmb£tiXti:5Z.b$:<&W(.b1-Zffi&iS.l~6 

[tt*S 8 ] B&e«J|&«fbKIEJB©ifciSSMS 2 0 0- 
2xiO'(iQc m<DffimXh2> Z b *¥fWl ir-TS IS* 

jg i ~ 6 ©^-rftM-K^afttestjasiR^. 
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[000 1] 40 
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fcAMR (Anisotropic Magnetoresi stance) • — y K 
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ant Magnetoresi stance : g^fiSSCSSl®!:^:) — y Kt 
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<S*MB«*-C»«*ttffi&***-t-:* fW^T" (Spin 
-Valve) — 3/ K*S*H«?fflFSf 5 1 5 9 5 1 3 -S^j&BSiC 

[0 0 0 3] m8tei£#Z%\<bnX^^Z>X fc">v</U;7*#|j£ 
ro— «**-rb©-c, rco^Jco^3t(±, 7!)-Mtti 
l i#«ttflWJi 2 £ f>Mfcit>a&aN4Ji 3 irS^^ttS 

_hfc:WSi6, 6*K»tT«J«$iir^5. HI 8 

Srl218cDZ75r6]IC@^$-a:5fc*(-(i, Jfc!fc&t);*;#/jv< 

tr^»*>, e>»»3icjw«t ymtftftttmnte 

4 Sr»ttS*TlUt 5 i b K«fc •? £ CS3:i&S7yffi&# 

[0004] m 8 ic^-r«igT*s>5 1 , 7 D — %m&m 

Hzam^m5, 5i:iorilIi:JttLt¥fT 14© 
LfcttHre h 7 y * *|6UC»fl2SrlSj»t £-£5 b b bfi, 

■t,, ^y-3Sai4® ioB£{t;;>7faiii:£+5;£ft(::^ 

T X £ft1*D L T^E-fb L fctfeffiT'ia f Z TJft (C (6] (t $ 

(E8CDZ7JI6]) ICJ; 9, flfrSEtrvJkftafiBSttJBSOa 

l^Vikto&«t4g3tOJKft;frftt£*tLT9 0± 6° 
WX-mt-rZ w i (C J; 0 tt*[]&ft&«0|gl?j£&1£#E# 

[0 0 0 5] 

T'fot), 3fi^tt@, NiFeit©J5M*tt 
lff$r4C5S§H4itLtli, FeMni#S<& 
F>ixT^5. Lfl>Lft>!iSib, FeMnflt HAttii 5 f 
L<^<, fltjK— y Kro«jtie*s«fct/»«-.5' Kf^Bb 



■£.X'&g,\Z±g.-fZ>-tfr*abixX\,^Z,*K FeMnJP 

fcot, mi 5 oxinMMX'ffiik v*^ym&. ■. 
Tb) tz&x\ m&ic*tisxm2mmmiz&mmj3& 

[0006] z^x^mmw^bteftic, ^7^4^ 

3 BtfrtX&ffliiMZft<>tz¥TM¥-7-- 7 802 2^1 

xm\t<r>m&w^ittb*fr o ^ t tfxz zmmzmm 
5 2o(0!s^t4^o-*-i^a-F e ,o 3 <Di%mj3m*m 

£ 6$ S&M Lt-e c93£G£ttJf <DMit(D Elite £• t° Vifc £> L 

-F e2O3C0^n df-Vi/ffiSttF e M n (-tfc^Tiil/i 1 

-F e 2 0,fcitl&fcl!)mikV>)XibZ><DX'Wi-gt:i±(OmX 
lt±<fflM&te^ki,^¥fm$:mvX^Z 0 

[0 0 0 71 tr^T*, ftfJizEWF eMn^^tV 
^^'«itro^S*t^^, £>5Wi, a-Fe 2 0 
•^{^^ti^g^^ftfc^Stit^im^i-fcoT 30 

12, ^tte 2 &t%A,xmt hixz> -? v -%m>&.m 1 1 
K&mmicitcxmm^BCfci'Xmm-tz&m 

t±« 1 1 t°>±£>%iMViim 3 £#f&ttii 2 Lxmm 

T © R -H 1j - 7 o>W&& ! £\'tfr 5 IsZlntf o fc 0 
[0 0 0 8] *«Wttlfflfe*«K«*Tfc$ftfct>0> 

^s6«]t-rs„ 50 
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[0 0 0 9] 

icste-T5^*< tfc-i<D7y-aisttii, 
mmikBLtemt lt, bccFe^^tsaae 

B^ffit, MIC, Ti, Zr, Hf, V. Nb, Ta, 

w, %t±m7cm<Di-hfrt>mvi£tiz hxb 2 ««± 
isjib»<kste» t lt, bccFejtt»it5aa 

SallBi:, Ml-, Ti, Zr, Hf, V, Nb, Ta, 

[0010] Mt-^isesi-Jo^-c, BtrEfvjhftiftatt 

^vjkftL-CfcSWiiai-J-Srias-CSS. Ml-, BfrlE 

7tSi*»p>stR$tL5 iax«2aj^±w5c^^^-r„ 

[001 1 ] #;lc, BiflEw=S-S|]g<oMSb^t:Steew® 

5 0 ~ 3 o 0 aco^h, m&%rfcm<r>ffimmtwfc 

groitStal* 200-2X1 OVQc mOjEH t -f 5 
[0 0 12] 

i o t *©±Jc(HjS:WJi Sixfc f vjh»ffl»iR 
§1 li f >lh*^K'ttg 1 2 t^BSttJl 13t7!)- 
3t^tt^ l 4 irttSbJKfbKte^ l 5 <h»!I^ l 6 t 
*i Ltmasntv^. #*s, Bilcio^TIi, HI 8 

ic^-rj; o tm~jkx>$Lm ztii>m.mm tm^mtt^m l 
tie® LtiAh m^Tx&ftvm-rz ^tx'<^?^v 

li, El i ^>«i^*HI8<o^igicigffli-5- Lv> 

wii^iiT-fcSc 

[001 3] HuteStg 1 01*, 7^7^, S i , A 1 
2 0„ T i C, S i C, A hO.tT i ctroiffi, 
7x7^ h/iir'i;^$tL5^tt«-^^"b^fig$tlT 

v^s. mmi oro±Eicii, sffi_hffi<7)iHia^9 

^a«9 Sr^*-rseW-Cfc-5VM*^:WJilcfi|^$ixS®cD 
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m&mE.&vbtix^xt>&\<\ lit, * 

<, 1 O(O*fr0»J<fc LTfi, a -F e,0»tf» ferric £*X 

5o 4£>, l i t it, aKttttttft 

[0 0 14] 4*5. a-Fe 2 0>f)i5«^il 10 
^illH-Mn (£:£:LX{4, Pt,Pd,Ir,R 

[0015] mt^°>±^m^m i2, ^ y — 

lull, v^-Tixt>»«ttflsoaWR^e>/ir*ds. AttW 

(CJiN i F e N i C o C o , N i F e C o 20 

^&4ia><b45 0 7y-asftii4^NiF 

e^g^f>, fVih^SfiattJi 1 2£:N i F e 
?!>>b, &>£VM4, 7y-Mttll4^Col^NiF 
e ^m<Ommmm. C o F e iNiFe 
<D«B«3S^6**-*-5ri:fc^#ao 4*5, 7 y -3ft 

ittii 4Sra««jsi:-r«»-&, hi 2 (c^-r«ito$D 

<#$£t£Jl 1 3ffi(C»^C oil &5W4C o F 
(CoooFe.o) 14^111 7«re«Lfc«*« 

[0016] CL*U4, #flfrf!feJI 1 3 &&M&m 12, 1 30 

e>, t°>±£>&mvkm 1 2£c o^e>«ricLfc»^i±, 

»«ttil 4^Ittil 3fiOS:0f^fl[ST*CoB«c 

(cKB«UTRJt*< it, 7 9-5IBttil4©*Btt 
ii3«:Co^<^itt^Ml^U *Mti»fls 40 

[0017] mt^mam 13lt C u , C r , A u , 

Ag/^'Cftl^^«tt^b/^, 2 0-4 OA 

$CMJtit^§ 0 ::t*BttRi3©)![Stf 
2 0A49fS?^£, t°>it#3£®tffeJi 1 2 t7y-«B 

tti 1 4 1 ©ia-ciBftw«^je- o^t< 45. * 

fc. l3*S4OAJ:0*^i tt«4&«t»!ijR 

S:^i:5SH-e*>*#ai4B 1 3 t^BSttJll 2. 14 
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#*L<4v\ 
[0 0 18] HulEWJIIjaftSteB 1 5(4, «a^*5/]N$ 
<, IS»«ft#**<, ItSfiit)** 
4tt«tt*m*»64«K f$ 1 0 0-3 0 0Agg(7)t) 
«»SK, J: 9 3 Br^(c(4J«T60#ffl^J(-*-r^ 

(4, b c c F e ^M^ttSWfeSfti, T 
i,Zr,Hf,V, Nb, Ta,W, ^±^^*^) 3 

M, T i , Z r , H f , V, N b , T a , W, #±3Stu 
1^)5 *>^5>iStR$lx« l«Xf4 2a«±eo5n*^e>4 

JttwtsteJi 1 5 ^ = &^4*fl^jf4WT^ai «9 -cfc 

[0019] «aj*ffj 1 
)6^iltFeMO.t^Sn, M(4^±^5c^ 

(jgJH*<E>3 AM\cm>-tZ>§ c, Y, fo5VM4La, C 
e, Pr, Nd, Pm, Sm, Eu, Gd, Td, D 
y, Ho, Er, Tm, Yb, Lu^i'tO?^^/^ 

£31 U ffl/SJfca, b, c f4, «P£ L < (4JS^%T% 5 
0^a^70, 5^b^30, 10^c^30, a 4- b 

+ c = 1 0 O^SIBffiSrMJE-rsr tsrwwt-rstta 
tt^*Ifflt5^i*t?#5 0 4*5, 

tt^^bfl 5fcW^f^«f^0 6-3 167 
4 S^mUmXM^\^fc$U<)AMtfLt lt4 0 0-1 0 
0 0 n CI • cmSKoHltffittSr^i-OT**JH38MOS6«j 

[00 2 0] ffi^0»J 2 
*fi^ct LTF e d M' eOrT^^n, M' 14, T i , 
Zr, Hf, V, Nb, Ta, WO#a»&»tfttfc4>fc 
< it— a^5c«*fc«4-tne>OjS^Sr*L. fflrictt 
d, e, f (4£f£ L< ttJSH^T*. 45^d^70, 5 
^e^30, 10^f^40, d + e + f = 1 0 045 

:t#t#5, 4*3, ^o*a^o*fc^tt'&^4e>f4, 5t 

K*»W#&as»Bfl¥0 6 -3 1 6 7 4 8#WiW»T»BII 
*Lfc*o LT, 4 0 0 - 2 . 0 x 1 o 5 m Q • 

[0 0 2 1 ] m&m 3 

ffl^i LT, T lw -,. b . c -d-X B -M' b -Z c - 
-Q,rT^$n, TliFei:Co(DV>fjx^XliK*, 
Xf4S i t A 1 m^-fna^Kte^*, M' (4, T i , Z 
r, Hf, V, Nb, Ta, Mo, W<7)AiR5c»i¥^e> 
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XtePI*, QliCr, Re. Ru. Rh. Ni, Pd s 

pt. Au<D&mKMmi)>bm&tiz>'j>te< i®co 

it (JBW-%) SrWa-Tftwi^WSLV^ 0^a'^2 
5, l£b'£7« 0. 5 ^ c ' ^ 1 0. O^d'^lOI 

s &^-t(o x*mm m <d & ^m^tzMzmmir^ z t 

[0 0 2 2] fidcM4 10 
ffi/&5£<h: Lt> T,oo-.--r-b--c--«r- S i.-Alr 
-M\.-Z.--Q*-C*SiX. fflU TliFedrCo 
0>V>TiXri\X teW*. M'liTi, Zr. Hf. V, N 
b. Ta. Mo, W<D&m7C%&frt>m&tl2>'J?t£< t 
t> l@<D^i?f. ZfiCiN^V^-rtL^^^*', Qi*C 
r, Re. Ru, Rh. Ni. Pd, Pt, AuW^I 

V\ 8^e'^15, 0. 5£f'£l(K l^b'^7, 

o.s^c'^io, o^d^io 0 ro^ijcoia^T^ 20 

[0 0 2 3] #lj&#J 5 
fidciirLt, (Co-J.) J^Q.X.Y/O** 
n> ffiU Tte, Fe, Ni, Pd, Mn, A 1 ri»?>ig 
fiixfc ia^fc{i2SJL^±^7c^T'fci9, Mte, Ti, 
Zr, Hf, Nb, Ta, Mo, W, Y ir#±S7cSia> 

N, C, B^feSfinfcia*y5:«2a«±<7>7C*T*fe 
9, XttS i fc L< liC r (Do ^><D lffi* fete 2 «<7)5n 30 
31, YliAu, Agie^Se^TcSKO^'b^iaSfcJi 
2«JW±^7n^T*fe*9, «rttk*r«i-gW:. 0.05^ 
g ^ 0. 5 , y, z, w, ate a t %X\ 3 ^y^ 3 0. 7 ^ 
z^40, 0^20, 0 ^s^ 2 0CQgi^£r^J£ U 

[0 0 2 4] ffirSfsaJI l 6 tt % ttglb^kS^ l 5 * 
=»— hJBM:. AlA, 40 

[0025] mi (w*i-«5gi^jov^T^a«t«. 
e>jh»»«tt»i 2^>wt;oifii#^fcr>jt» 

<t 1 4<omizi%mj3m*±c rncfiSLtg^ 

7 y — afi«tt» 1 4 \z x m%mmmm*t><DMtimftte 
t*<D& 0 fc*»«jw*ttUB-ra t . 7 y — *bsi4b 1 4 50 
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[0 0 2 6] 3e^«i8Eo«is^*5^-cfi, 7y-»«tt 
ii 4 ±.\cmnmitt\£&fc<D±%tmmt><D'b£tm 
mmt&fcm 1 5 ^tt-o^o-e, ? y — aassttJi 1 

4 £ttJSfi£{t:Kfc/f l 5^8tt^^5:i:^ 

9 7 y 1 4 ©RB^iTif 5 r 

tfcX%Z 0 £fc, 5te, 

«tiws*#^^feii*|jbWbste» 1 5 \^m~rz>7 y - 

«»ttS»*Sr55»i-5#«ttt« 1 3 bfflmM 12,1 

[0 0 2 7] ft*5 % Cu^lttil 3_h(CN i-Fe 
^ (y^-^n^) (^7y-MI14Hi:«il 

<tN i-F e^^55n^l£«LSV^T\ HI 2 {C^f<t 
5(^C ofc-SV^fiC o F e <D4kWkM 1 7 ZzZtf % Z t 

ig-Cfi^JSB l 7 y -^ttS l 4 (DVmtl&mu 

tsitx o k^-%<DX\ ? y —&mmm i 4 ±iz.w:fttiffi 
BbttfbSCJi i 5^7y -si^ttg i 4 <D&mt)±.%-$: 
wits^t'tatfeSo ceo-cia2jc*i-«j6*p> 

[0028] sfc, lanw*-r«i6^-*5v^rs5l^lte^a 

[oo29] mc, m i {^-rmmj&^m^mmMc 

jimKmtmz ssa^n i f e^ot o vih^^tt 
mtm^2 2 Ave u<D#m&m tmz 8 i a^n i f 
e^7y-aaftiMi, ^icjijsoa 

M00A^:2 00 A^-tn-fn^Kff O F e H f OJ^ 
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6i5:Fe Hf o tnzmti&om (ma&itl s = 

1.4T, ttitap = 3 8 0/i£2cm, 81*Hc=0. 
4 Oe, 100MHz©IIf/ = 1 500) Srfflt^ 

St. ffi®mfc%.&m<omm&5 oa©^, i „.= 
0.00 89 i , ffi$)M{k%:mm<omi9-fr ioo a<d4§ 
ia=o.oi77i, 2 

OOAdS^ ix=0.0348 i, «|)iftS6I 10 
(OmW-ttZ 0 0 AGOi§-£\ i„.= 0. 0 5 1 4 i irf+g 

[0 0 3 0] HI3{4, H*«HO«SS^y K««:«^-r5 
S«W±lc^$ixfcfVihJ6ffljf^[® 3 l ±(c, f> 
iktbmW&m 32 t &m.&m 33t7y -SfceStig 3 4 

ttitiMsiKi3 5 i:»iig3 6 k&mfcmmznx 

ta s -r a mm st+bs <z>mi *> ft xmm.m.m^)^mm c 
sr-eroj^iKi^Pjtfetfmflis 39, 39t7u — msmm 20 

140, 4 0^s^:ttP>ixT^5 o mifE<0^iti-*3^T 
(4, 7!)- 3£Bfcl4g3 4rofi£{ttf>fa#£rEl3<D^fPa;£ 

fricfrit, tr>jh*»«ttii3 2©»ft©i6j#S:z*rpi 
i:ifi)it5r £T-pj#£i5i3f 9 0° t?iB:SJ*-er-c»^.5r 

[0 0 3 1] 11 3 li^-t-«Jt©«««tftS»*#Jl 

mcznzia-t. mz.t£A i 2 o 3 -t i c <cr>^y 

i4, 0iJx(fa-F e 2 0 3 * — K Ni-Fe^?- 

[0032] i3 i^i-m^mmtym&mimA&mm-r 

5(C{4, A r #Xf£3mTorr£XTteb*CDWl&WWi5.<P^ 

<fc a-F e ,0,74^^5 t">-ih«)ffl»Sie 3 

lSrflMU C©fcr>Jtit>ffl?WWi3 1 #B£+4g 40 

3 3£MA/T'2g<7?3$^feg3 2, 3 4JrMU iBc^ 
■C*tS&«flsRteS 3 5 i&fgfg 36i SrJfiJfcBSI-S. 

m^x. hi) y^77-f7"ct^t^ty? y y? 

4 0, 4 0<t*£g3 9, 3 9 b&mf&l-Z,, 

[0 0 3 3] lk\,^X\ Ui3^HSii:*-(6](iim#^PniD 

lt t'lsittbmm mm 3 1 £;iFB$:LT:B£fl:ror6]#£@;t 
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»t5„ £1±©M1I: J; o t f yjhto^Ktl 3 2d 
ft»fa££:7y— »«^3 4«»fl:©G.£as9o* e 

SEUfcBI3lr*-r«3fi©««iS«:«b*a-fe>'*S:#5r 
<h*5T-#S„ fc*5, fy±*!)fflilif 3 l^Fe-M 
n , P t -M n , I r -M n ft iftOS^ttflsT-SSiit-TS 
$R(Cf4Jti£<£>4. 9 **«tt^K-e*> "9 , d 0*g-»4S5t(l 

[0 0 3 4] HI 4 (A) (B) (2, H 1 lC*i-*Jt©*l 
ifj^tRte^i: L"C F e »H f ,.0 M ^5ffi^ro«ce$tt 

3 o Qh<ommctei£\^^<o\z.r>^xmfe^tLm$k* 

^"T. El 4 (A) 14, ^{bfflHtt75-[S](C*3(tSM-H7J 
— ;/£^U 14 (B) t4BHb^te77foKioit-5M- 
H#— ^Sr^i". C«3l|BjSa>*IC«ttgiM:, tttt1£l££ L 

[003 5] i5 (A) (4, Si S1S/A 1 2 0 3 g<£>g 
tRJilC, o-FeAi (»B£7jif*:g, ¥$1000 
A) /NiFel (t°vih463Set*e, 5 8 A) / 

cui mm&m. 2 2A) /n i f eg cy- 

3A«ittJI. J¥£8 7A) /Fe„Hf„0» Mftmt 

Kteg, l^3ooA) ro«g«itt Lfc^©7y- 

3i5S£t$g<OR--H7J— :/£^U HI 5 (B) (4fiulEC0a 

[00 3 6] HI 6 (A) 14, S i S1R/A 1 2 0 3 g<75g 
ffi±(C, a-F e 2 C- 3 g (1 0 0 OA) /N i F ei 

(4 8 A) /Cog (1 OA) /Cug (2 2 A) /C 
of (1 OA) /N iFel (77A) /Fe»Hf„ 
0 M g ( 3 0 0 A) ©«g«igt L TURCOT' y -»« 
•ffif <7>R-H7J-:7"£^U HI 6 (B) f4i!frf£CD«g« 

jgiiiov -xffiftoMitfcfcm&Gm Lfc#us<o7 y -»« 

£fcg (7) R-H # — ^ 5r^-T 0 

[0 0 3 7] HI 7 (A) (4, Si &&/A 1 2 0 3 g<7)g 
&_k(C, a-F e 2 0 3 g ( 1 0 0 0 A) /N i F eg 

(48A) /CoFei (10A) /Cui ( 2 2 A) 
/C o F eg ( 1 0 A) /N iFel (77 A) /Fe 
eoHf.oOjf (3 0 OA) W^g^iti: Lfc^C07 
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